A novel facultatively anaerobic, Gram-stain-positive, non-motile, non-spore-forming, catalase-negative bacterium of the genus Lactobacillus, designated strain Bb 2-3 T , was isolated from bee bread of Apis cerana collected from a hive in Kunming, China. The strain was regular rod-shaped. Optimal growth occurred at 37 C, pH 6.5 with 5.0 g l À1 NaCl. The predominant fatty acids were C 18 : 1 !9c, C 16 : 0 and C 19 : 0 iso. Respiratory quinones were not detected. Seven glycolipids, three lipids, phosphatidylglycerol and diphosphatidylglycerol were detected. In recent years, metagenomic analyses and experimental investigations have shown that members of the genus Lactobacillus are widely distributed in the gut of honey bees and have positive effects on bee health [1] [2] [3] [4] . At the time of writing, there are more than 200 species and subspecies with validly published names (data from EZBioCloud database, https://www.ezbiocloud.net/search?tn=Lactobacillus), but only 11 species (Lactobacillus apinorum, Lactobacillus mellifer, Lactobacillus mellis, Lactobacillus melliventris, Lactobacillus kimbladii, Lactobacillus helsingborgensis, Lactobacillus bombi, Lactobacillus bombicola, Lactobacillus apis, Lactobacillus kullabergensis and Lactobacillus vespulae) have been isolated from the honey stomach or bee gut [5] [6] [7] [8] [9] . Previous studies have revealed that Lactobacillus exists in bee bread and plays a key role in its production [10, 11] . In the present study, we characterized a novel species of the genus Lactobacillus isolated from the bee bread of Apis cerana by using polyphasic and genomics approaches.
In recent years, metagenomic analyses and experimental investigations have shown that members of the genus Lactobacillus are widely distributed in the gut of honey bees and have positive effects on bee health [1] [2] [3] [4] . At the time of writing, there are more than 200 species and subspecies with validly published names (data from EZBioCloud database, https://www.ezbiocloud.net/search?tn=Lactobacillus), but only 11 species (Lactobacillus apinorum, Lactobacillus mellifer, Lactobacillus mellis, Lactobacillus melliventris, Lactobacillus kimbladii, Lactobacillus helsingborgensis, Lactobacillus bombi, Lactobacillus bombicola, Lactobacillus apis, Lactobacillus kullabergensis and Lactobacillus vespulae) have been isolated from the honey stomach or bee gut [5] [6] [7] [8] [9] . Previous studies have revealed that Lactobacillus exists in bee bread and plays a key role in its production [10, 11] . In the present study, we characterized a novel species of the genus Lactobacillus isolated from the bee bread of Apis cerana by using polyphasic and genomics approaches.
During an investigation and comparison of microbial diversity in bee stomach, gut and bread, a novel strain designated Bb 2-3 T was isolated from bee bread of A. cerana collected from a hive in Kunming, Yunnan province, China. For isolation, the bee bread was mashed and resuspended in sterilized 0.9 % NaCl under anaerobic conditions, followed by serial dilution in anaerobic culture tubes containing sterilized de Man Rogosa and Sharpe (MRS) broth (Thermo Scientific Oxoid) supplemented with 0.5 g l À1 L-cysteine, 1 .0 mg l À1 resazurin and 15 g l À1 agar. The MRS medium was prepared and dispensed under a gaseous atmosphere of 100 % nitrogen. Strains were isolated by Hungate roll-tube technique [12, 13] . After incubation for 48 h at 37 C, a single white, round colony was obtained, designated as strain Bb 2-3 T , and subjected to taxonomic analysis based on phenotypic and phylogenetic studies.
Extraction and purification of genomic DNA, PCR amplification, and sequencing of the 16S rRNA gene were performed as described previously [14] . All obtained sequences were submitted to NCBI for initial alignment with highly similar sequences using BLASTN, and 16S rRNA gene sequences of the closely related organisms were retrieved from NCBI (https:// www.ncbi.nlm.nih.gov/) and EzTaxon (http://www.ezbiocloud.net/) databases. Housekeeping genes rpoA (encoding DNA-directed RNA polymerase subunit alpha) and pheS (encoding phenylalanyl-tRNA synthetase subunit alpha) were also used for phylogenetic analysis. rpoA and pheS gene sequences were retrieved from the genome of strain Bb 2-3 T . The sequence of pheS was confirmed by PCR amplification according to De Bruyne and Snauwaert [7, 15, 16] . Phylogenetic trees were reconstructed with the software package MEGA version 5.0 using the neighbour-joining and maximumlikelihood methods [17, 18] . The robustness of the topology of the phylogenetic trees was evaluated by bootstrap analysis based on 1000 replications. Phylogenetic analysis based on 16S rRNA gene sequences using the neighbour-joining method revealed that strain Bb 2-3 T represented a separated lineage within the genus Lactobacillus, together with L. bombicola (Fig. 1 (Fig. S2) . The phylogenetic position was also confirmed by trees generated using the maximum-likelihood algorithm method (Fig. S3) T was obtained from the GenBank database. The level of pairwise genome-based similarity was evaluated based on both the average nucleotide identity (ANI) value determined by using ChunLab's online ANI calculator (https://www.ezbiocloud.net/tools/ani) described by Yoon et al. [19] , and the genome-to-genome distance calculation performed by using Genome-Genome Distance Calculator (GGDC) software version 2.1 (http://ggdc.dsmz.de/ distcalc2.php) and Formula 2 was used as recommended for the calculation of DDH (DNA-DNA hybridization) for incomplete genomes. T culture incubated in MRS medium at 37 C was examined using a scanning electron microscope (JSM-7500F; JEOL) and transmission electron microscope (JEM-1230; JEOL). Motility was tested using the hanging-drop technique [20] . Gram staining was performed according to Claus et al. [21] . Spore-forming ability was examined by phase-contrast microscope (Nikon 80i). Catalase activity, oxidase activity and fermentation type were determined as previously described [7] . Ammonia production from arginine and the Voges-Proskauer test were carried out according to Lopes et al. [22] . Hydrolysis of aesculin was tested according to the method described in Tjandraatmadja et al. [23] . Hydrolysis of starch was [5, 7, 8] . ‡Main fermentation products are produced from glucose.
determined based on the formation of clear zones around colonies after applying the suitable staining solutions described previously [24] . H 2 S production was investigated using triple sugar iron agar (BD Difco) supplemented with 2.0 % NaCl. The production of D-and L-lactic acid was analysed using a D-lactic acid/L lactic acid enzyme kit (Magazyme) according to the manufacturer's instructions. The growth behaviour in the presence of oxygen was determined in a sealed serum bottle containing liquid MRS medium prepared under anaerobic conditions. Nitrogen (0.4, 1.0, 2 or 4 ml) was removed from the 20 ml headspace and the same volume of filter-sterilized oxygen (99.9 %) was added before inoculation to provide 2, 5, 10 or 20 % oxygen. All cultures were incubated without shaking and growth rates were measured.
Growth experiments to determine the pH, temperature, and NaCl concentration ranges were performed in triplicate using anaerobic culture tubes with 5 ml anaerobic MRS medium supplemented with 0.5 g l À1 L-cysteine and 1.0 mg l À1 resazurin, and the growth rates were measured to evaluate the growth characteristics. The pH range was tested between pH 2.5 and pH 10.0 (at intervals of 0.5 pH units). The sterile anaerobic buffers Na 2 HPO 4 -citric acid (for pH 2. Growth was determined using the method as described by Ma et al. [25] . Liquid fermentation products were analysed by liquid chromatography (Agilent 1200). CO 2 was analysed by gas chromatography (Agilent 7820A) [25] .
The phenotypic characteristics of strain Bb 2-3 T are presented in the species description, Table 1 and Figs S4 and S5. A scanning electron micrograph and transmission electron micrograph of strain Bb 2-3 T showed cells were regular-shaped rods with a size of 0.3-0.45Â1.5-4.1 µm (Fig.  S4) . The differential characteristics between strain Bb 2-3 T and its closest relatives obtained from the above experiments are listed in Table 1 T were determined by the Identification Service of the Deutsche Sammlung von Mikroorganismen und Zellkulturen (Braunschweig, Germany) using methods described previously [24, [26] [27] [28] [29] [30] [31] . Cultures used for measurement of chemotaxonomic characteristics were harvested after cultivation on MRS medium at 37 C for 18 h.
The cellular fatty acid profile of strain Bb 2-3 T comprised C 18 : 1 !9c (54.8 %), C 16 : 0 (16.2 %) and C 19 : 0 iso (10.5 %) as the major fatty acids (>10.0 %). The fatty acid profile of the strain was clearly qualitatively and quantitatively different from those of closely related species ( Table 2 ). The polar lipid profile of strain Bb 2-3 T comprised three lipids, seven glycolipids, phosphatidylglycerol and diphosphatidylglycerol. Lipids, glycolipids, phosphatidylglycerol and diphosphatidylglycerol were widely distributed in strain Bb 2-3 T and its three closest relatives, however, the absence of (Table S1 ).
Therefore, based on phylogenetic, physiological and chemotaxonomic analyses, strain Bb 2-3 T represents a novel species of the genus Lactobacillus, for which the name Lactobacillus panisapium sp. nov. is proposed.
DESCRIPTION OF LACTOBACILLUS PANISAPIUM SP. NOV.
Lactobacillus panisapium (pa.nis.a¢pi.um. L. masc. n. panis bread; L. fem. n apis bee; N.L. gen. n. panisapium of bee bread). The type strain is Bb 2-3 T (=DSM 102188 T =ACCC 19955 T ), isolated from bee bread of Apis cerana collected from a hive in Kunming, China. The genomic DNA G+C content of the type strain is 37.4 mol%. 
